The lattice parameters of V0.977Mo0.0230 2 in the vicinity of the semiconductor-to-metal phase transition have been determined with a Bond-type diffractometer. The transition extends over a temperature range of 0.1 K; and the concomitant volume change, 0.142%, is more than three times as large as that of pure VO2.
Introduction
The semiconductor-to-metal transition of VO 2 which occurs at 340 K has been extensively studied in the past. The corresponding transition in several pseudobinary systems Mo, Ti, Cr, Nb) has likewise been investigated by several researchers (cf Honig & Van Zand, 1975) . It has been found that the transition temperature (T~) for the pseudobinary systems depends both on the character of the substituent metal and on the value of x. Generally, Tt decreases with increasing x.
H6rlin, Niklewski & Nygren (1973) have studied the system 1/1 _xMoxO2 with 0_< x_< 0.20 applying X-ray powder diffraction, DTA, electric conductivity and magnetic susceptibility measurements.
Thus, X-ray studies at room temperature showed the homogeneity range of the monoclinic phase (M1) to extend to x~-0.03, while the tetragonal rutile type structure (R) is present for 0.03 < x < 0.20.
DTA studies over the temperature interval 130-400 K gave a linear relation between T, and x, with a slope of 11 K/at.% Mo. The hysteresis was less than 2 K. The susceptibility measurements showed Mo-doped VO2 to be temperature-independent paramagnetic in the temperature range 80< T< Tt. This behaviour is different from that exhibited with several other substituents, e.g. W and Ti, which cause a marked increase of the susceptibility with decreasing temperature.
Mo as a substituent affects the electrical conductivity differently in several respects to other substituent metals. Thus, the low-temperature phase of Mosubstituted VO2 with x<0.04 shows semiconducting properties with a distinct saturation region just below Tt. For x>0.10 the Mo-substituted material has 0021-8898/81/020131-03501.00 metallic character in both the low-and hightemperature phases, still with a discontinuity at T,. Data reported by Rao, Natarajan, Subba Rao & Loehman (1971) for Vo.98MO0.o202 are in good agreement with those obtained by us. On the other hand, the results published by Prodan, Marinkovic & Prosek (1973) , obtained for samples prepared under not very well defined experimental conditions, show considerable spread and are not easily comparable with our data. As no accurate study of the thermal behaviour of Modoped VO2 had been made so far, we decided to undertake precision X-ray investigations on highquality single crystals of V1 -xMoxO 2 for selected values of x. The present paper reports the results obtained for V0.977MOo.o2302, which may be compared with previously described data for pure VO2 (Kucharczyk & Niklewski, 1979) .
Experimental
The Vo. 977 MO0.02302 single crystals were grown by the chemical transport technique using TeC14 as a transporting agent. The reaction was performed in sealed silica tubes placed horizontally in a two-zone furnace. The lattice parameters were determined with a Bondtype diffractometer equipped with a high-temperature attachment. More detailed descriptions of the crystal growth process and the diffractometer experiments are to be found in our previous work on VO2 (Kucharczyk & Niklewski, 1979) .
Rod-shaped crystals up to 3 mm in length and with a rectangular cross section of 0-3 mm 2 area were selected for the investigations. To avoid cracked or otherwise defective specimens, X-ray rotation Weissenberg photographs were taken for several samples. A few crystals thus found to be of good quality were further examined on the diffractometer with respect to the halfwidth of the selected reflexions. It should be stressed that in the monoclinic phase (room temperature) the half-width of the reflexions varied by up to 100% from sample to sample and that the reflexion profiles were generally much broader than for pure VO2. The temperature dependence of the half-width of the 044 reflexion in the vicinity of the phase transition is shown LATTICE-PARAMETER STUDIES ON Vo.977Moo.o230 2 in Fig. 1 , as an example. All results presented here have been obtained on the same crystal, which at room temperature had half-widths of reflexions approximately 25% larger than those of pure VO2. To establish the lattice-parameter variation as precisely as possible, the Bragg angles of the 051,044, 600 and 606 reflexions of the monoclinic unit cell were followed in separate temperature increase runs. The intensity distribution of the reflexion (co scan) below and above 7;, is schematically drawn above the curve.
Cu Kat radiation (2 = 1.540562 A) was used, and no refraction correction was applied. Temperatures were controlled and measured with an accuracy of _+ 0.02 K. The absolute value of the temperature was known to within 1 K. The unit-cell dimensions were determined with relative accuracies of Ad/d= 10-5 and 5 × 10-s for the metallic and the semiconducting phases, respectively. The lower accuracy for the monoclinic phase is due to the broadening of the reflexions mentioned above.
Results and discussion
The lattice parameters of V0.977Moo.o230 2 as a function of temperature are shown in Fig. 2(a-d) . The monoclinic unit cell was chosen to describe both the low-and high-temperature phases, to make it possible to plot the lattice parameters versus T disregarding the change of symmetry. The following relations hold between the rutile-type cell of the high-temperature phase and the monoclinic cell: aM=2CR, bM=aR, CM = aR-CR. The first-order phase transition occurs at Tt = 313.8 K on heating, with a thermal hysteresis of 2 K. The lattice deformation due to the transition is as sharp as for pure VO2. No indications of the transition being smeared out were noticed. However, the magnitudes of the relative changes along the principal crystallographic axes at Tt are slightly smaller than for undoped crystals (the figures for pure VO2 are given in brackets):
AaM --7.70(9.85) x 10-3" hand, Mo as a substituent causes a significant increase of the unit-cell volume. Moreover, as is shown in Fig. 3 , the volume versus T curve exhibits a discontinuity at T, with a relative change of 0.142~, the value being more than three times that for pure VO2. The large increase of the lattice compression during the transition from the metallic to the semiconducting phase probably affects the real structure of the crystal, giving rise to mosaic spread or microcracks. It would explain the effect described above (Fig. 1 ) of reflexion broadening below T,.
Further investigations of Vx-xMoxO2 with higher values of x are in progress to find out whether and how the lack of semiconducting properties for x>0.1 is related to the structural parameters of these compounds.
